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THE  PRACTICAL  APIHHCATIC^  AND  THE  RELA- 
TIVE VALUE  OE  THE  TESTS  USED  IN  EX- 
AMINING THE  EYE  MUSCLES.1 


By  Alexander  Duane;  M.  D., 

NEW  YORK  CITY. 


The  following  remarks  were  addressed  to  an  audience  already 
thoroughly  conversant  with  all  that  pertains  to  the  examination 
of  the  eye.  Under  the  circumstances  to  have  have  attempted 
any  complete  or  systematic  survey  of  the  subject  \t’Ould  have 
been  superfluous  and  impertinent.  I,  therefore,  simply  tried  to 
define  what  my  own  practice  is  and  my  reasons  for  it.  And  in 
doing  this  I naturally  passed  lightly  over  the  methods  with 
which  all  are  familiar  and  the  points  upon  which  all  are  agreed, 
and,  on  the  other  hand,  dwelt  with  special  emphasis  upon  mat- 
ters regarding  which  my  procedures  or  my  views  might  vary 
from  those  generally  adopted.  This  will  explain  the  somewhat 
sketchy  and  fragmentary,  character  of  the  article  and  the  ap- 
parently disproportionate  stress  laid  upon  certain  features  of 
the  examination. 


Test  Objects  Employed. 

As  Dr.  Randall  pointed  out.  these  must  be  such  as  to  insure 
accurate  fixation  ; hence,  must  be  sharply  defined,  well  sepa- 
rated from  their  surroundings,  and  just  large  enough  to  be  dis- 
tinctly visible. 

Again,  in  some  of  the  tests  it  is  important  to  eliminate  the 
element  of  projection.  Hence,  the  test-object  should  be  on  or 
but  little  in  advance  of  a large  blank  surface,  serving  as  a 
'background. 

Furthermore,  I think  it  important  that  an  object  used  for  test- 
ing imbalance  should  not  consist  of  vertical  or  horizontal  lines 
or  of  a figure  bounded  by  such  lines.  When  such  an  object  is 
doubled,  the  patient’s  attention  is  called  to  two  parallel  lines 
and  these  he  often  unconsciously  strives  to  unite  or  make  con- 

1 Read  by  invitation  (with  demonstration  of  methods  on  patients) 
before  the  Section  on  Ophthalmology  of  the  College  of  Physicians  of 
Philadelphia,  November  15th,  1904. 


2 


TESTS  USED  IN  EXAMINING  THE  EYE  MUSCEES. 


tinuous  with  each  other,  thus  involuntarily  masking  the  devia- 
tion that  is  really  present.  This  tendency  to  fusion  is  not  as 
great  with  points  and  with  round  objects. 

Fulfilling  all  requirements  are: 

(a)  A small,  sharp,  very  bright  light , set  close  to  a large 
dead-black  background. 

(b)  A fairly  large  round  target  with  a round  bull’s-eye — 
the  latter  being  just  large  enough  to  be  seen  distinctly  at  the 
given  distance. 

Occasionally  other  test-objects  are  useful,  as  will  be  noted 
later  on  in  describing  the  tests. 


Fig.  1. — Target  used  for  a Test-Object. 

The  target  here  shown  is  a disc  of  white  cardboard,  5 inches 
in  diameter,  with  a black  dot  0.5  mm.  in  size  in  the  center.  This 
is  the  object  used  for  the  near  tests,  the  target  in  this  case  being 
supplied  with  a handle  to  hold  it  by.  For  patients  with  low  visual 
acuity  targets  are  employed  having  bull’s  eyes  1 or  even  2 mm. 
in  diameter.  For  distance  the  same  target  is  used  but  with  a bull  s 
eye  of  5 mm.,  and  the  target  itself  is  set  in  the  center  of  a dead 
black  disc,  1 to  2 feet  in  diameter. 


Tests. 


■ With  regard  to  tests  we  must  distinguish  between  those  that 
enable  us  (a)  to  determine  the  position  assumed  by  the  eyes 
when  at  rest — the  Static  Tests;  and  (b)  those  that  enable  us  to 
determine  the  ability  of  the  eyes  to  perform  the  various  normal 
movements — Dynamic  Tests. 

The  tests  that  have  been  proposed  are  very  numerous,  but 
the  following  list  comprises  all  that  are  necessary  for  even  the 
most  elaborate  examination. 
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TESTS  USED  IN  EXAMINING  THE  EYE  MUSCLES. 

A.  Tests  to  determine  position  of  eyes  when  at  rest  Static 
T ests. 

1.  Tests  of  Binocular  Fixation.  (Screen  test.) 

2.  Tests  of  Binocular  Vision. 

(a.)  Tests  showing  whether  binocular  vision  is  present 
or  not  (Red  glass,  Bar  reading,  Stereoscope,  Am- 
blyoscope,  Hering’s  test.) 

(b)  Parallax  test. 

(c)  Phorometer. 

(d)  Maddox  rod. 

(e)  Clinometer. 

B.  Test  to  determine  ability  of  eyes  to  move — Dynamic  Tests. 

1.  Tests  of  Monocular  Movement  (Field  of  Monocular 

Fixation). 

(a)  Tropometer. 

(b)  Perimeter. 

2.  Tests  of  Binocular  Parallel  Movement. 

(a)  Field  of  Binocular  Fixation. 

(b)  Field  of  Binocular  Single  Vision. 

3.  Tests  of  the  Converging  Power. 

(a)  The  Static  Tests  (Screen,  Parallax,  Phorometer, 
Maddox)  made  for  Near  Points  (showing  the  rela- 
tion between  the  amount  of  imbalance  for  near  and 
for  distance). 

(b)  Convergence  near-point. 

(c)  Prism-convergence  (Adduction). 

4.  Tests  of  the  Diverging  Power. 

(a)  Tests  showing  Relation  between  Imbalance  for 
Distance  and  Near  (see  3a). 

(b)  Prism-divergence  (Abduction). 

5.  Test  of  Supraverging  Power  (Ability  to  Overcome 

Prisms,  base  up  or  down). 

In  considering  our  choice  of  the  very  numerous  static  tests 
that  have  been  devised,  we  observe : 

1.  We  require  a test  for  binocular  fixation;  one,  namely, 
that,  apart  from  what  the  eyes  see,  will  show  whether  the  two 
fix  accurately  on  the  same  object  at  the  same  time,  or  whether 
one  or  the  other  deviates  or  tends  to  deviate.  A knowledge 
of  this  is  afforded  by : 

The  Screen  Test : 3 his  I apply  as  follows : I place  the  pa- 
tient with  his  head  straight  and  with  his  eyes  in  the  primary 
position  and  directed  straight  at  the  test-object  (target).  I 
then  pass  a card  from  one  eye  to  the  other,  and,  standing  a 
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little  to  one  side,  notice  whether  either  moves  when  covered 
(movement  of  deviation)  or  jumps  back  into  place  when  un- 
covered (movement  of  redress).  If  any  such  movement  is 
detected  I proceed  to  place  prisms  before  the  eye,  rapidly  in- 
creasing these  in  strength  until  not  only  is  the  original  move- 
ment abolished,  but  there  is  a slight  movement  in  the  con- 
trary direction.  I then  reckon  that  by  deducting  2°  from  the 
prism  that  thus  produces  the  first  perceptible  contrary  move- 
ment I obtain  a close  measure  of  the  amount  of  the  deviation. 

Thus,  if  the  eyes  deviate  out  behind  the  screen,  showing  that 
there  is  either  exophoria  or  exotropia,  I keep  putting  prisms, 
base  in,  before  one  eye,  until  there  is  a slight  movement  in- 
ward behind  the  screen.  If  this  takes  place  with  a 10°  prism, 
[ shall  generally  find  that  with  a 7°,  8°,  and  9°  prism  there 
is  no  movement  and  that  8°  represent  quite  accurately  the  true 
amount  of  the  deviation.  This  finding  will  generally  be  cor- 
rect to  within  1°. 

If  there  is  no  screen  deviation  to  start  with , we  can  gen- 
erally say  that  there  is  no  heterophoria  greater  than  1°  or 
at  most  2°.  In  such  a case  I take  a 2°  prism  and  place  it 
before  one  eye,  first,  base  in,  and  then,  base  out.  If  now  the 
prism,  base  in,  produces  a slight,  but  perceptible  movement 
in  behind  the  screen,  and  the  prism,  base  out,  a similar  move- 
ment out,  I feel  assured  that  there  is  orthophoria  or,  at  all 
events,  no  heterophoria  greater  than  14°.  If,  however,  it  should 
take,  say,  3°,  base  in,  to  produce  a movement  in  behind  the 
screen,  and  only  1°,  base  out,  to  produce  a movement  out,  we 
would  say  that  the  test  showed  1°  of  exophoria. 

In  cases  of  paralysis  and  often  also  in  cases  of  squint  it 
becomes  important  to  determine  the  relative  amount  of  the  pri- 
mary and  the  secondary  deviation.  To  do  this,  I first  measure 
the  screen  deviation,  in  the  way  just  outlined,  with  the  prism 
placed  before  the  right  eye,  and,  then  carefully  keeping  the 
the  patient’s  head  and  eyes  in  the  original  position,  I measure 
the  deviation  by  a prism  placed  before  the  left  eye.  Thus  in  a 
given  case  with  paresis  of  the  right  externus,  I may  find  with 
the  prism  before  the  right  eye  an  inward  deviation  of  10°  in 
the  primary  position,  18°  when  the  eyes  are  directed  to  the 
right,  and  5°  when  the  eyes  are  directed  to  the  left.  Placing 
the  correcting  prism  before  the  left  eye,  I find  the  measurements 
to  be  15°  in  the  primary  position,  40°  with  the  eyes  directed  to 
the  right,  and  5°  when  they  are  directed  to  the  left  ; i.  e.,  when 
the  patient  looks  to  the  left,  the  primary  and  secondary  devia- 
tions are  equal ; when  he  looks  straight  ahead  the  secondary 
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is  1.5  times  the  primary;  and  when  he  looks  to  the  light,  the 
secondary  is  over  twice  as  great  as  the  piimarv. 

Having  made  the  screen-test  in  the  way  above  mentioned  \ 
alternate  covering,  I then  proceed  to  determine  by  it  whether 
the  deviation  that  zee  have  found  is  a squint  or  a heterophona. 

To  do  this  I make  the  patient  look,  with  both  eye's  open, 
at  the  test-object,  then  suddenly  place  the  screen  before  one  eye, 
say  the  right,  and  then  suddenly  move  it.  If  when  I cover  the 
right  eye  and  again  when  I uncover  it,  that  eye  alone  moves, 
showing  that  this  eye  deviates  when  covered  but  returns  to 
fixation  when  uncovered,  and  that  the  other  eye,  which  is 
uncovered  all  the  time,  remains  in  the  position  of  fixation,  I 
am  evidently  dealing  with  a case  of  heterophoria.  If,  under  the 
same  conditions,  neither  eye  vioz'cs  (and  yet  alternate  coher- 
ing has  shown  us  that  there  is  a well-marked  deviation)  the 
right  eye  is  squinting.  If  both  eyes  move , the  left  eye  is  squint- 
ing. 

By  repeating  the  test  several  times  first  with  one  eye  and 
then  with  the  other,  I can  tell  in  a case  of  squint  whether  one 
eye  squints  constantly  or  sometimes  one,  sometimes  the  other 
deviates  (alternating  squint). 

Proceeding  now  to  (2)  the  tests  of  binocular  vision,  i.  e., 
those  which  show,  not  so  much  whether  the  eyes  deviate  as 
whether  both  see  the  object  in  the  same  place  or  not,  we  may 
pass  over  (a)  the  tests  (red  glass,  stereoscope,  amblyoscope, 
bar-reading  Hering’s  test),  which  determine  whether  binocular 
vision  is  present  at  all  or  not. 

(b)  Parallax.  This  is  conducted  simultaneously  with  the 
screen-test. 

As  we  are  watching  the  patient's  eye  to  ascertain  how  it 
deviates  behind  the  screen,  we  ask  the  patient  to  tell  how  the 
object  looked  at  moves,  as  the  screen  is  transferred  from  eye 
to  eye. 

The  recognition  of  this  parallactic  movement  is  really  a recog- 
nition of  diplopia;  only,  instead  of  the  double  images  being 
seen  simultaneously  they  are  seen  in  succession.  Thus,  sup- 
pose the  eyes  deviate  in  when  screened.  Now  when  the  screen 
is  passed  from  the  right  eye  to  the  left,  the  right  eye,  which 
is,  so  to  speak,  caught  in  the  act  of  deviating  inward,  sees  the 
object  not  straight  ahead,  as  the  left  eye  (which  was  fixing) 
saw  it,  but  off  to  the  (Tight ; i.  e.,  the  object  appears  to  him  to 
have  made  a jump  from  left  to  right.  This  condition,  which 
is  strictly  analogous  to  homonymous  diplopia.,  is  properly 
called  an  homonymous  parallax.  So,  too,  if  the  right  eve  was 
turned  out  behind  the  screen,  the  object,  when  the  right  eye 
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is  uncovered,  would  appear  to  move  to  the  left  ( crossed  paral- 
lax) ; if  the  right  eye  was  higher  the  object  would  appear  to 
move  down  (right  parallax ) ; if  the  right  eye  was  lower,  the 
object  would  appear  to  move  up  (left  parallax). 

Really  the  eye  should  be  aware  of  a double  jump  of  the  ob- 
ject looked  at,  i.  e.,  in  homonymous  parallax,  the  object,  when 
the  right  eye  is  uncovered,  should  appear  to  jump  first  to  the 
right  and  then  back  to  the  left  (the  latter  movement  corre- 
sponding to  the  movement  of  redress  of  the  eye  itself).  Some 
few  do,  indeed,  perceive  this  double  jump,  and  occasionally  we 
find  some  that  see  only  the  second  movement,  getting  thus  an 
inverse  parallax  which  is  just  opposite  in  direction  to  the  or- 
dinary, or  direct  parallax.  This  should  occasion  no  confu- 
sion. 

Occasionally  the  parallactic  movement  is  not  perceived  at 
all,  and,  not  infrequently,  even  if  it  is  perceived,  the  patient 
refuses  to  admit  its  existence  until  by  the  use  of  some  artifice — 
the  production,  for  instance,  of  an  artificial  parallax  by  means 
of  prisms — its  presence  is  forced  upon  his  attention.  Some 
few  allege  that  the  movement  is  always  in  one  direction.  But 
in  the  great  majority  of  cases  the  test  succeeds. 

The  parallactic  movement  is  measured  by  means  of 
prisms ; in  fact,  we  measure  it  when  we  are  measuring  the 
screen-deviation,  the  prism  that  corrects  one  in  most  instances 
serving  to  correct  the  other  also.  In  the  case  of  the  parallax, 
the  prism  that  just  abolishes  the  .movement  measures  the  de- 
viation. The  test  is  a very  delicate  one,  since,  as  can  readily 
be  proved  by  experiment,  a prism  of  even  j4°  can  produce  a 
well-marked  parallactic  movement,  and  deviations  of  this 
amount  can  readily  be  measured  by  the  test. 

In  one  respect  the  parallax  is  very  valuable,  because  afford- 
ing, better  than  any  other  subjective  test  a comparison  between 
the  relations  of  the  eyes  as  regards  binocular  vision,  on  the  one 
hand,  and  their  relations  as  regards  binocular  fixation,  on  the 
other.  I say  it  does  so  better  than  any  other  subjective  test, 
because,  unlike  the  others,  it  is  made  at  the  same  time  and 
under  the  same  conditions  as  the  test  for  binocular  fixation 
(the  screen-test).  If  then  there  is  a discrepancy  between  the 
findings  of  the  screen-test  and  the  parallax — if,  for  example, 
the  in-and-out  jump  of  the  eyes,  which  we  observe,  is  corrected 
by  a prism  of  12°,  while  the  parallactic  movement  of  the  object, 
that  the  patient  perceives,  is  corrected  by  a prism  of  4°  we 
can  be  sure  that  there  is  a real  retinal  incongruence  of  this 
amount,  i.  e.,  that  the  amount  by  which  the  eyes  depart  from 
binocular  fixation  is  not  identical  with  the  amount  by  which 
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they  depart  from  binocular  vision.  This  could  not  be  unhesi- 
tatingly predicated  if  we  had  found  the  same  difference  between 
the  findings  of  the  screen-test  and  phorometer ; for  as  these 
two  tests  are  made  at  different  times  and  under  somewhat  dif- 
ferent conditions,  we  could  not  be  sure  that  the  position  o 
the  eyes  had  not  changed  in  the  interval  and  that  the  discrep- 
any  between  the  tests  was,  therefore,  only  apparent. 


Fig.  2. — The  Black-Worth  Amblyoscope  Fitted  with  a Graduated 
Arc  so  as  to  Serve  as  a Phorometer. 

The  zero  point  of  the  arc  is  determined  experimentally.  The 
pictures  in  the  two  tubes  being  displaced  vertically  by  means  of 
the  vertical  adjustment  screw,  and  the  tubes  being  revolved  until 
the  pictures  appear  just  over  each  other,  the  amount  of  deviation  in 
degrees  can  be  read  off  on  the  arc.  The  arc  can  also  be  used  to 
measure  the  angle  of  squint  and  thus  determine  whether  or  not 
practice  with  Jhe  amblyoscope  is  causing  the  latter  to  diminish. 

Another  not  inconsiderable  advantage  of  both  screen  and 
parallax  tests  is  that  it  enables  us  to  measure  the  amount  of 
vertical  and  lateral  deviation  simultaneously.  We  can  thus 
sometimes  ascertain  how  one  modifies  the  other. 

(c)  Phorometer.  I use  the  ordinary  Stevens’  phorometer 
and  find  it  usually  reliable,  although  at  near  points  it  sometimes 
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gives  an  excess  of  exophoria,  particularly  if  too  coarse  a test- 
object  is  used. 

The  amblyoscope  may  be  used  as  a phorometer,  particularly 
if,  as  in  Dr.  Black’s  modification,  it  is  fitted  with  a vertical 
movement,  and  if,  as  in  the  model  here  shown  (see  Fig.  2 , 
it  has  a graduated  arc,  on  which  the  amount  of  rotation  re- 
quired to  put  the  two  pictures  vertically  over  each  other  can 
be  read  off  directly. 


Fig.  3.  Maddox-rod  Clinometer. 

The  slide  _is  placed  on  the  cross-bar  of  a Steven’s  phorometer, 
which  admits  of  being  accurately  leveled.  Usually  there  is  a pair 
of  slides,  one  white  for  the  richt  eye.  the  other  red  for  the  left. 

(d)  The  Maddox  rod  I use  in  the  ordinary  way.  I find 
it  usually  gives  an  excess  of  esophoria  (usually  about  1 
more  than  the  other  tests),  so  that  if  it  shows  esophoria,  of 
1°,  I expect  to  find  almost  complete  orthophoria  by  the 
parallax,  screen,  and  phorometer.  With  some  few  the  test 
fails  altogether  because  of  the  strong  tendency  that  they  show 
to  bring  the  line  of  light  into  the  image  of  the  flame,  even 
when  actually  there  is  a very  marked  deviation  present. 

( e ) Determination  of  the  Declination:  This  can  be  done 

either  by  Stevens’  clinometer  or  by  the  Maddox-rod  clino- 


9 


TESTS  USED  IN  EXAMINING  THE  EYE  MUSCEES. 

meter,*  (see  Fig.  3).  With  regard  to  this  instrument  let 
me  sav  that  though  it  is  a model  of  my  own,  at  least  four 
people  invented  an  entirely  similar  instrument  a year  or  more 

before  I did.  . 

In  general  I think  very  little  of  clinical  value  is  gamed  by 

the  measurement  of  the  declination  except  occasionally  in  com- 
plicated cases  of  paralysis.  Otherwise,  the  disturbances  of  de- 
clination seem  to  me  rare  and  when  they  do  occur  are  to  be 
regarded  as  simply  pathological  curiosities.  I have  never  been 
able  to  persuade  myself  that  except  to  a very  insignificant  de- 
gree they  were  productive  of  symptoms. 

The  Dynamic  Tests:  Turning  now  to  the  tests  which  meas- 
ure the  ability  of  the  eyes  to  move,  we  come  first  to : 


Fig.  4. — Test-object  for  Determining  the  Monocular  Field  of  Fixa- 
tion with  the  Perimeter. 

This  is  a one-inch  white  disc  with  a small  handle.  In  the  center 
of  the  disc  are  two  dots  close  together.  If  the  patient  Axes  on  these 
accurately,  the  dots  appear  separate,  but  if  as  the  card  is  moved 
the  patient  fails  to  follow  it,  so  that  he  no  longer  fixes  the  dots 
sharply  they  will  appear  indistinct,  and  the  two  will  run  together 
and  look  like  one. 


1.  7 ests  of  Monocular  Movement  (determination  of  the 

Monocular  Field  of  Fixation).  This  is  made  either  with  the 
tropometer  or  with  the  perimeter.  The  latter  instrument  is  the 
one  I myself  use.  I place  the  patient's  chin  in  the  perimeter 


, For  this  can  be  substituted  an  ordinary  Maddox  rod  set  in 
rial  fiame  and  carefully  leveled.  The  description  of  the  original 
instrument  is  contained  in  the  Phil.  Med.  Journ.,  June  S.  1901. 
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rest  and  adjust  the  head  so  that  the  eye  under  examination 
YY'hen  in  the  primary  position  is  looking  directly  at  the  zero  of 
the  arc.  The  other  eye,  of  course,  is  covered.  Then,  keeping 
the  patient’s  head  perfectly  immobile,  I make  him  follow  with 
his  eye  a small  card,  like  the  one  I show  here,  with  two  dots 
on  it  set  close  together.  (Fig.  4.)  The  moment  his  eye  ceases 
to  fix  the  double  dot  the  two  dots  will  seem  to  him  to  run  into 
one,  and  the  place  occupied  by  the  card  on  the  perimeter  arc 
will  then  indicate  the  limit  of  excursion  of  the  eye  in  that 
special  direction. 

I place  little  reliance  on  this  test  (with  either  tropometer 
or  perimeter),  and  for  two  reasons.  In  the  first  place,  in  mak- 
ing it  we  demand  of  the  patient  a maximum  effort  and  one  that 
it  strains  the  eyes  to  perform.  Sometimes  the  patient  will 
make  this  effort,  sometimes  he  will  not.  Hence,  in  the  same 
patient  we  find  a wide  variation  in  our  'measurements  and  re 
is  only  by  taking  a series  of  measurements  on  different  days 
and  then  taking  the  highest  measurement  of  the  series,  that 
we  can  arrive  at  an  idea  of  the  true  maximum  capacity  of  the 
eye  for  movement. 

Again,  the  test,  even  when  it  does  show  the  full  excursion 
of  each  eye,  is  sometimes  delusive.  It  not  infrequently  hap- 
pens that  a patient,  whose  excursions  as  measured  by  the  peri- 
meter are  apparently  normal  and  are,  moreover,  equal  in  the 
two  eyes,  shows,  when  we  examine  the  two  eyes  together,  a 
marked  diplopia  increasing  with  some  rapidity  in  a specific  di- 
rection of  the  gaze.  This  finding,  which  I have  met  with  sev- 
eral times,  must  mean  that  while  one  eye,  if  tested  by  itself, 
can  make  a maximum  effort  equal  to  that  of  the  other,  yet 
when  it  works  with  its  fellow  it  lags  behind  the  latter  and  does 
so  because  one  of  its  muscles  is  at  least  relatively  weak. 

Nevertheless  the  test  may  be  of  service  in  differentiating 
some  of  those  obscure  cases  in  which  we  cannot  certainly  tell 
whether  we  are  dealing  with  a paresis  of  a muscle  in  one  eye 
or  a spasm  of  the  associate  muscle  in  the  other.  Here  if  re- 
peated tests  with  the  perimeter  showed  that  the  excursion  of 
one  eye  was  always  deficient  in  one  direction  and  normal  in 
others,  we  would  infer  paresis ; while  if  they  showed  that  the 
excursion  of  one  eye  was  normal  and  that  of  the  other  eye 
was  always  excessive,  we  should  infer  the  existence  of  spasm. 

2.  Tests  of  Binocular  Movement : I determine  (a)  the 

Field  of  Binocular  Fixation  and  (b)  the  Field  of  Binocular 
Single  Vision  simultaneously.  I cover  the  patient’s  right  eye 
with  a red  glass,  and  then  standing  in  front  of  him  and  about 
three  feet  away,  hold  a candle  or  better  a small  electric  light, 
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directly  in  line  with  his  eyes:  From  this  point  the  eyes- 

front”  position,  I carry  the  light  first  (1)  to  his  left,  and  then 
successively.  (2)  up  and  left,  (3)  up  and  right  (4)  to  the 
right,  (5)  down  and  right,  and  (6)  down  and  left,  skirting 
thus  the  whole  periphery  of  his  field  of  fixation  and  occupying 
in  turn  each  one  of  what  may  be  called  the  cardinal  positions 


Fig.  5.— Six  Cardinal  Positions  of  the  Field  of  Binocular  Fixation 
, and  of  the  Field  of  Binocular  Single  Vision. 


of  the  gaze  (See  Fig.  5).  At  each  cardinal  position  (denoted 
in  the  chart  by  Er.  Eu  & r.  etc.)  I pause  and  ask  the  patient 
if  he  sees  one  light  or  two,  what  color  the  light  is,  where  the 
red  light  is  with  relation  to  the  white  and  how  far  off  from 
the  white.  I thus  determine  the  amount  and  kind  of  diplopia 
in  each  of  the  cardinal  positions. 

In  making  this  examination  it  is  almost  a necessity  to  have 
some  shorthand  method  of  recording,  for  as  the  examination 
is  very  tiresome  to  the  patient  it  must  be  done  quickly  and  yet 
it  is  not  always  safe  to  trust  to  memory  and  wait  until  we  get 
through  before  putting  down  our  results. 

I myself  use  the  method  of  recording  noted  on  the  diagram. 
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The  six  cardinal  positions  are  Eu  & r=“Eyes  up  and  right” 
(i.  e.,  the  position  to  reach  which  the  patient’s  eyes  must  be  di- 
rected up  and  to  the  right);  Eu  & l=“Eyes  up  and  left;” 
Er=“Eyes  right;”  El=“Eyes  left;”  Ed  & r=“Eyes  down  and 
right;”  and  Ed  & l=“Eyes  down  and  left.” 

Furthermore,  the  following  abbreviations  are  used: 

DX=Crossed  diplopia. 

DH=Homonymous  diplopia. 

DR=Right  diplopia  (i.  e.,  vertical  diplopia  with  the  image 
belonging  to  the  right  eye  below. 

DL=Left  diplopia  (i.  e.,  vertical  diplopia  with  the  image 
belonging  to  the  left  eye  below. 
t>  > increasing  progressively  and  fast. 

^diminishing  progressively  and  fast. 

Thus,  Eu  & r,  DL>>  (read  “Eyes  up  and  right,  diplopia 
left  increasing”)  would  mean  “There  is  a vertical  diplopia 
with  the  image  belonging  to  the  left  eye  below,  and  this 
diplopia  increases  progressively  and  fast  when  the  eyes  are 
carried  up  and  to  the  right.” 

To  make  a satisfactory  diagnosis  in  a case  of  paralysis,  we 
must  determine  the  amount  and  kind  of  diplopia  in  each  of 
the  six  cardinal  positions,  and  note  particularly  whether  or 
not  the  diplopia  increases  fast  when  the  eyes  are  carried  to- 
ward any  one  cardinal  position.  The  muscle  affected  can  then 
be  deduced  from  the  following  table : 


Diplopia 

= Pakesis  OF 

Er.  DH  >>  greatly. 

R.  External  Rectus' 

Er.  DX 

L.  Internal  Rectus 

El.  DH 

L,  External  Rectus 

El.  DX 

R,  Internal  Rectus 

Eu.  & r.  DL  “ “ 

R.  Superior  Rectus 

Eu.  & r,  DR  “ 

L.  Inferior  Oblique 

Eu.  &1-DR 

L.  Superior  Rectus 

Eu.  &1.DL 

R.  Inferior  Oblique 

Ed  & r.  DR 

R.  Inferior  Rectus 

Ed.  & r.  DL  “ “ 

L.  Superior  Oblique 

Ed.  & 1.  DR  *■  “ 

R.  Superior  Oblique 

Ed.  & 1.  DL  “ “ 

L.  Inferior  Rectus 

This  indicates  the  result  in  a compact  way  and  has  some  of 
the  advantages  of  a mathematical  formula  in  that  it  enables 
us  to  write  out  and  interpret  our  findings  quickly.  Thus  the 
formula  En  & r.  DL  > > always  suggests  to  me  paresis  of 
the  right  superior  rectus  and  much  more  readily  than  a long 
description  would  do. 
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As  we  note  the  diplopia  that  the  patient  shows  in  each  car- 
dinal position,  thus  delimiting  his  field  of  binocular  singe 
vision,  we  also  observe  whether  one  eye  or  the  other  lags 
hind  the  other  at  any  point,  and  thus  ascertain  whet  e ^ 
Held,  of  binocidar  fixation  is  normal  or  not.  This  latter  y 
also  be  examined  in  the  ordinary  way  by  making  the  patient 
with  both  eyes  open,  follow  a peficil  or  a white-heade  pin 

held  a foot  or  so  from  the  eyes. 

In  making  the  two  tests,  of  course,  it  is  essential,  first  t a 
the  patient  should  keep  his  head  still ; second,  that  he  shou 
really  try  to  follow  the  light  with  his  eyes. 


3.  Tests  of  Converging  Power-. 

(a)  The  relation  between  the  amount  of  imbalance  for 
distance , when  the  eyes  are  not  converging , and  for  near  when 
they  are  converging,  affords  us  very  important  indications  as 
to  the  presence  of  any  excess  or  deficiency  in  the  con\  erging 
power.  The  comparison  between  the  two  I regard,  there- 
fore, as  an  indispensable  part  of  even  a cursory  examination 
of  the  eye-muscles. 

(&)  Convergence  Near-point : This  also  furnishes  infor- 

mation that  cannot  well  be  dispensed  with.  I measure  the  dis- 
tance of  the  convergence  near-point  from  the  root  of  the  nose, 
using  for  a test-object  a fine  dot,  a hat-pin  with  a small  white 
head,  or  a small  bright  light.  In  cases  of  hyperphoria,  when 
even  if  the  convergence  is  normal  the  patient  finds  it  hard  to 
keep  up  the  effort  because  the  images  tend  to  diverge  vertically, 
these  test-objects  are  replaced  by  a fine  vertical  line  on  a round 
card  (see  Fig.  6). 

The  attempt  to  determine  the  convergence  near-point  should 
be  made  even  in  those  cases  zvhere  there  is  no  binocular  fixa- 
tion at  all,  e.  g.,  in  divergent  squint.  Here  it  is  of  importance 
to  know  whether  the  patient  does  or  does  not  make  an  effort 
to  converge,  and,  if  he  does,  how  nearly  he  succeeds  in  bring- 
ing the  eyes  together.  In  many  cases  the  attempt  at  converg- 
ence will  be  kept  up  until  within  two  or  three  inches  of  the 
nose,  the  eyes  getting  nearly  into  line,  but  never  quite  succeed- 
ing. Such  cases  are  of  much  better  prognosis  than  those  in 
which  the  convergence-effort  is  almost  lacking. 

(c)  Prism-convergence  ( Adduction ) : This,  in  my  mind, 

is  of  comparatively  subordinate  importance  as'  a test,  the  two 
tests  just  named  affording  much  more  valuable  indications. 
And  in  particular,  I wish  to  protest  against  the  idea  that  any- 
thing is  to  be  gained  by  estimating  the  relation  between  prism- 
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convergence  (adduction)  and  prism-divergence  (abduction) 
or  in  fact,  that  there  is  any  normal  relation  at  all  between  them. 
In  one  and  the  same  patient  prism-convergence  varies  greatly 
from  time  to  time  and  can  be  increased  by  practice  to  four  or 
five  times  its  original  amount;  prism-divergence  is  nearly  a 
constant  quantity  and  cannot  be  increased  by  exercise.  To 
make  a comparison  between  two  such  quantities,  one  a va- 


Fig.  6. — Target  for  Determingiug  the  Convergence  Near-Point  in 

Hyperphoria. 

The  test-object  here  is  a vertical  line,  1 or  2 inches  in  length. 
To  a patient  with  a large  hyperphoria  or  even  with  a vertical  squint 
but  with  good  converging  power,  this  line  will  still  appear  single 
when  it  is  brought  to  within  1.5  or  2 inches  of  his  nose;  for,  though 
the  line  doubles  vertically,  the  two  images  will  overlap  and  hence 
appear  continuous,  if  he  can  converge  well  upon  them. 

riable  minimum,  the  other  an  unchangeable  maximum,  seems 
to  me  irrational. 

4.  Tests  of  the  Diverging  Power : 

( a ) The  relation  between  the  amount  of  imbalance  at 
near-points,  when  the  eyes  are  not  diverging,  and  the  amount 
for  distance,  when  they  are,  affords  a valuable  indication  as 
to  whether  the  eyes  diverge  excessively  or  not  enough. 

( h ) Prism-divergence,  determined  by  the  strength  of 
prism,  base  in,  which  the  eyes  can  overcome  when  looking  at 
a distant  object,  is  also  a valuable  measure  of  the  diverging 
power.  A prism  divergence  under  3°  indicates  subnormal  and 
one  over  9°  a pathologically  excessive  degree  of  divergence. 

5.  Tests  of  Supravergence,  or  of  the  ability  of  the  eyes  to 
diverge  in  a vertical  plane,  measured  by  prisms,  base  up  or 
down,  afford  very  little  information  and  can  usually  be  dis- 
pensed with. 
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Order  of  the  Tests. 

The  tests  must  begin  with  those  that  involve  least  strain  of 
eye-muscles,  hence  tests  for  imbalance  must  be  made  be 
fore  tests  for  movement,  and  the  tests  for  distance  before 
those  for  near,  which  bring  in  the  disturbing  element  of  con- 

The  field  of  binocular  single  vision  and  the  field  of  binocu- 
lar and  monocular  fixation  tests  are  taken  last  of  all  because 
to  make  them  at  all  carefully  involves  great  strain  on  the 

eyes. 

Routine. 


Not  all  the  tests  are  needed,  except  in  complicated  cases, 
when  we  may  require  every  help  we  can  get. 

To  make  a satisfactory  examination  we  must  perform  the 
test  for  binocular  fixation  and  one  or  more  tests  for  binocular 
vision,  determining  by  both  means  the  imbalance  for  both  dis- 
tance and  near,  and  we  must  get  a good  idea  of  the  ability  of 
the  eyes  to  converge,  diverge,  and  make  parallel  movements. 
In  choosing  our  tests  we  must  insist,  in  the  first  place,  upon 
accuracy,  in  the  second  place  upon  delicacy ; and,  out  of  sev- 
eral tests  which  are  accurate  enough  and  delicate  enough  to 
serve  our  turn,  we  will  select  those  that  are  the  simplest  and 
quickest.  These  considerations  lead  us  to  the  accompanying 
routine. 


Ordinary  Routine. 

I.  Determine  Deviation  for  Distance  by — 

(1)  Screen  and  (2)  Parallax  simultaneously. 

(3)  Maddox  rod. 

(4)  Phorometer. 

II.  Determine  Deviation  for  Near  by — 

(5)  Phorometer. 

(6)  Screen  and  (7)  Parallax  simultaneously. 

(8)  Maddox  rod. 

III.  Determine. 

(9)  Convergence  Near-point. 

(10)  Prism-divergence  (Abduction). 

■ (11)  Prism-convergence  (Adduction).  Usually  omit  if 
9 is  normal. 

(12)  Field  of  Binocular  Fixation  and  (13)  Field  of 
Binocular  Single  Vision  taken  simultaneously. 
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This  answers  for  all  ordinary  cases.  Indeed,  I usually  omit 
the  Maddox-rod  test  for  near,  and  if  the  other  tests  show 
concordant  results,  I often  omit  the  phorometer  for  both  dis- 
tance and  near.  With  these  omissions  the  examination  can  be 
made  in  three  or  four  minutes. 

Special  Routine  in  Squint : Here  usually  all  the  tests  of 

binocular  vision  fail  us,  and  we  are  dependent  on  the  screen- 
test  which  is  hence  of  especial  value ; also  upon  the  determina- 
tion of  the  convergence  near-point  and  upon  the  excursions 
of  the  eyes.  We  also  employ  the  various  tests  (red  glass,  bar 
reading,  stereoscope,  etc.)  to  determine  whether  binocular 
vision  is  present  or  not.  In  measuring  squint,  I regard  the 
screen  test  as  far  superior  to  the  perimeter  or  to  any  similar 
device  that  depends  upon  the  position  of  the  corneal  reflex, 
for 

1.  It  is  more  accurate. 

2.  It  can  measure  very  small  squints. 

3.  With  it  we  can  measure  deviation  for  both  distance 
and  near.  This  is  hard  or  impossible  to  do  with  the  perimeter. 

4.  We  can  measure  both  the  primary  and  the  secondary  de- 
viation. Impossible  with  the  perimeter. 

5.  Can  measure  vertical  and  lateral  deviations  simultan- 
eously which  cannot  be  done  with  the  perimeter. 

6.  Can  dispense  with  cumbrous  apparatus,  and  can  use  the 
test  in  gauging  effect  of  operations. 

Special  Routine  in  Paralytic  Cases : The  tests  for  imbal- 

ance are  here  of  less  importance.  We  here 

(a)  Apply  the  screen  test  in  different  directions  of  the  gaze. 

(b)  Take  special  care  to  measure  the  primary  and  the 
secondary  deviation. 

(c)  Take  special  care  to  determine  accurately  the  field  of 
binocular  single  vision  and  the  field  of  binocular  fixation. 

In  specially  difficult  cases,  we  determine  also : 

(d)  The  declination  in  paralysis  of  elevators  or  depressors. 

(e)  The  field  of  monocular  fixation  with  the  tropometer 
or  perimeter. 

Recently  Bielschowskv  has  advanced  another  means  of  di- 
agnosis in  cases  of  paralysis,  namely,  the  varying  distance  be- 
tween the  double  images  produced  by  inclination  of  the  head 
toward  either  shoulder,  but  for  reasons  into  which  I have  not 
time  to  enter  now,  I consider  his  reasoning  to  be  based  on  a 
fallacy. 


